A nalysis w as m ade of m a te ria l o btained in 1966 an d 1967 from studies of a fre e-liv in g population w ith know n dynam ics of num bers and age stru c tu re . I t was found th a t th e re is a rela tio n betw een th e exam ined fea tu re s of the hom e range: shape, size, location in th e stu d y a re a degree of overlapping and sh ift from th e phenological tim e of the a n n u al cycle, population num bers an d social m om ent of e n try of a cohort (a group of individuals of identical age). D ue to th e high level of n u m b ers the location of hom e ran g es in th e a re a w as m ore random an d the ranges sh ifte d to a lesser ex ten t. T he degree of elongation an d th e size of th e hom e range decreased in d ep en d en tly of dynam ics of population num bers. T he size and shape of the hom e ran g e of th e various cohorts depended on the tim e of th e ir e n try into th e population: th e la te r the cohort's e n try into th e population, th e sm aller and ro u n d er th e home ranges of its individuals. W ithin th e cohorts analysed, m ales w ere fo u n t1 to possess la rg e r hom e ranges th an fem ales. T he space around established hom e of an anim al, over w hich it moves in connec tion w ith its norm al v ita l activities such as obtaining food, rep roduction and care of progeny, is defined by the concept of th e hom e range, as given by Burt (1943) . D efinition of th e size of this space, and ex am in atio n of its rela tio n to d if fe re n t habitat, biocenotic and population factors, has become th e su b ject of a w hole section of ecological lite ra tu re . This w as due to th e in te rest in th e relatio n betw een th e size o f th e hom e range as a specific ch a racter of th e species an d th e sp atial organization of the population connected w ith it (in terrelatio n s in space betw een individuals) and other aspects of population organization (Brown, 1966) , dynam ics of its num bers (Naumov, 1956; Getz, 1961; Ryszkowski, 1961) , com petition (Andrzejewski & Olszewski, 1963; Dominas & Tarwid, 1964; Cal houn, 1963) , epizootics (Karaseva, 1956 ).
C onsiderable m ethodological difficulty is en countered in studies on th e size of the hom e range and sp atial organization of a population. E xam ination of m ethods h ith e r to used show s th a t there are tw o approaches to th is problem -th e carto graphical approach and th a t based on a sta tistica l model.
T he firs t of th ese attem p ts is based on th e accum ulation inform ation in order to form the m ost reliab le rep resen tatio n possible of th e e x te n t of th e in d iv id u als' m ovem ents and on this basis to define th e size of th e ir hom e ranges. Ranges defined in this w ay are then fu rth e r analysed. T his m ethod of approach is used w hen elab o ratin g th e resu lts of th e C ateh -M ark -R elease (CMR) m ethod, using a suitab le grid of trap s, defining th e so-called »m inim um area« (D a 1 k e & S i m e, 1938; Mohr, 1947) . The m ethod defines th e area of a m inim um convex polygon covering 100% of the cap tu re sites of an in d iv id u al; it w as used by m any re searchers (Blair, 1940a; Burt, 1943; Layne, 1954 ; S t i c k a 1, 1954 ; R e i c li s t e i n, 1962; Tast, 1966 ; R a d d a , 1968 an d others). H om e range is sim ilarly d e fined from m a teria l collected by m ethods based on direct observations of anim als (Soldatova, 1962 ) and on recording of th e traces th e y leave (Howard, 1949; Davis, 1953; Justice, 1961 ; S h e p p e, 1967; Kulik & Fateev, 1969) or by m ethods based on th e application of radioisotopes (Godfrey, 1953 (Godfrey, , 1954a (Godfrey, , 1954b Miller, 1957; Kay, 1961) or on radiolocation (Le Munyan, White & Nebert, 1959; Conchran & Rexford, 1963; Storm, 1965; Tester & Siniff, 1963) .
T he second m ethodological approach aim s at creatin g a m odel of th e hom e range by m eans of w hich, using collected inform ation on th e anim al's m ovem ents and in tu rn statistical analysis, an objective m easu re can be o btained of th e size of the hom e range. T he collected data for sta tistica l definition of hom e ran g e size consists of th e m aterial norm ally collected by m eans of th e CMR m ethod in various trappin g devices arran g e d in defined areas.
»O bserved range length« and »A djusted range length« m ethods define th e m a x i m um distance covered by an individ u al d u rin g th e study period (Chitty, 1937; Godfrey, 1954a; Brown, 1956) .
A d ifferen t m ethod for statistical definition of th e hom e ran g e w as suggested by Adamczyk et at. (1966) , basing estim ation of its size on th e relation betw een the probability of visits by an individual of defined catch points located w ithin its hom e range and hom e range size. Hayne (1949) show ed th a t it is possible to define th e centre of an in d iv id u al's activity as the arith m etica l mean of all of its cap tu re sites, and to define home range area on the basis of degree of p ro b ab ility of an in d iv id u al's cap tu re. He also found decrease in th is prob ab ility as d istance in creased from th e cen tre. Using Hayne' s sta tistica l concept (1949) as a basis, Dice & Clark (1953) and Calhoun & Casby (1958) elab o rated a th eo retical m odel of th e hom e range. T hey accepted a circular hom e range, Dice & Clark (1953) defining the d istrib u tio n of probability of an in d iv id u al's cap tu re along th e radius of th e area as P earso n 's type III, w hile Calhoun & Casby (1958) as th e b iv a riate norm al d istribution over the are a of th e circle.
M any au th o rs (Godfrey, 1954a; Tanaka, 1963a; Mohr, 1965) d raw a tte n tion to th e inadequacy of a circle to express th e rea l shape of th e hom e ran g e of sm all m am m als in th e field conditions. O bservations of m aps of hom e ran g es found in m any studies, chiefly analysing hom e ran g e size, such as th o se by Naumov (1951) , K araseva (1956), Reichstein (1959 Reichstein ( , 1962 , Tast (1966) , leads to the assum ption th a t in th e m ajo rity of cases th e hom e range is elongated in shape.
T h ese d ata, a n d also th e m e th o d ic a l co n sid eratio n s d iscu ssed ab o v e fo r a c c u ra te estim a tio n of h om e ra n g e size, fo rm e d a basis fo r m o d ific a tio n of th e m odel p ro p o se d b y Calhoun & Casby (1958) . T h e p ro posed m o d ificatio n (Mazurkiewicz, 1969) is a g en e raliza tio n , accep tin g an e llip tic sh ap e fo r th e hom e ra n g e a n d tre a tin g th e c irc u la r sh a p e as a sp ecial case. T he e llip tic m o d el of th e hom e ra n g e h a s also b een p ro p e sed b y Jennrich & Turner (1969) fo r Cnemidophorus tigris.
T h e p u rp o se of th e p re s e n t stu d y w as to check em p iric a lly th e s u ita b ility of th e m ethodological m odel of th e hom e ra n g e p ro p o se d b y M azurkiewicz, 1969 an d , b y using it, to tra c e ch an g es in th e size an d sh a p e of th e hom e ra n g e a n d th e w a y in w h ich in d iv id u a ls a re d is tri b u te d o v er th e s tu d y a re a d e p e n d in g on age a n d sex s tru c tu re a n d d y n a m ics of p o p u la tio n n u m b e rs of Clethrionomys glareolus (Schreber, 1780). T he island is covered by forest belonging to 4 phytosociological associations. T he h um id coastal belt is covered by th e S a lic i-F r a n g u la tu m Maic., 1929 asso cia tion, the central p a rt of the island (the driest) by T ilio -C a r p in e tu m ty p ic u m Tra czyk 1962, and in ce rtain p a rts passes into th e sub-association T ilio -C a r p in e tu m s ta c h y e to s u m silv a tic a e and in th e w et depressions of th e island into C irc a e o -A ln e tu m Oberdörfer, 1953 ( Fig. 1) , (Traczyk, 1965) . M inim um distance betw een island and the lake shore is approx. 120 m.
T he island creates conditions of isolation for th e population living on it. This isolation, w ith absence of phenom ena of em igration an d im m igration, g reatly facili ta tes determ ination of certain population p aram eters, such a v aria tio n s in n u m bers, m ortality, reproduction an d age stru ctu re . The d ata e ith e r published o r in course of prep aratio n , on general dynam ics of population num bers on th e island, th e p articip atio n of th e cohorts differen tiated in the population dynam ics th e m o r ta lity of th e cohorts a n d th e ir role in reproduction. (Bujalska et al., 1968 ; G 1 iwicz et al., 1968; Petrusew icz e t al., in litt.) have been used in this study as the background for th e analysis of hom e ranges m ade.
The m ethods used for collecting data w ere based on th e C atch -M ark -R elease (CMR) principle.
D uring th e w hole cycle of studies th e island was covered by a g rid of 159 catch points, d istrib u ted chequerw ise at in terv als of 15 m. Two live tra p s w ere placed at each tra p station. Fig, 1 . D istribution of forest associations on »Crab A pple Island«.
-S a lic i-F r a n g u le tu m , 2 -C irc a e o -A ln e tu m , 3 -T ilio -C a r p in e tu m s ta c h y e tosu m silv a tic a e , 4 -T ilio -C a r p in e tu m ty p ic u m (after Traczyk, 1965).
F ive series of trappings w ere m ade from spring to au tu m n each y ea r (total 10 series), a t ap p ro x im ately one-m onthly intervals. Each series of trap p in g s lasted 14 days, w ith th e exception of A pril 1966, w hen th is p eriod was 7 days only.
T raps w ere inspected tw ice daily, a t 7,00 and 19,00, in every trap p in g series. The trap p ed individual w as rem oved from the trap its n um ber (the anim als had been m ark ed by toe-clipping), and w eight, sex and trap p in g site recorded.
The m ateria l collected consisted of a to tal of 8334 cap tu res of 939 individuals in 1966, and 7213 captures of 785 individuals in 1967 (Table 1) . Gliwicz et al. (1968) an d Petrusewicz e t al. (in litt.) described th e m ethod of general census of th e num b ers of individuals on th e island in successive trap p in g series (five tim es each year). T he follow ing findings arg u e in fav o u r of the accu racy of th e n u m b ers given. In th e first place, th e 14-day perio d of tra p p in g m akes it possible to record all the individuals on the island, since th e re w as n ot a single case of an individual m issing out one trap p in g series an d th en m ak in g its ap p earan ce in th e follow ing series (A n d r z e j e w s k i e t al. 1967). In th e second place, c a p tu re and rem oval of m ark ed individuals in previous trap p in g series w as very rap id , so th a t 95#/o of th e individuals had been recorded d u rin g th e first th ree days of th e given trap p in g period. F in ally , individuals recorded for th e firs t tim e w eighed so little th a t it could be assum ed th a t th ey had not y et reach ed trap p ab le age du rin g ea rlie r censuses (G1 i wicz e t ai., 1968 On th e basis of th e analysis of the above m aterial, G 1 i w i c z e t al. (I.e.) divided all the indiv id u als in th e population into sev eral age groups (cohorts):
C ohort Kfl -individuals w hich h ad lived th ro u g h a w in te r (old adults), aged from 6 to 11 m onths th e follow ing sp rin g C ohort K j -early spring generation born betw een A pril 23rd and M ay 26th C ohort K 2 -ea rly sum m er generation, b o m betw een May 27th an d Ju ly 10th C ohort K 3 -la te sum m er generation, born betw een J u ly 11th an d A ugust 28th C ohort K A -early autum n g en eratio n born betw een A ugust 28th an d O ctober 1st.
T he n u m b e r variatio n s of th e distinguished cohorts (Fig. 2) form ed a basis for analysing relatio n s betw een the p o p u latio n 's age stru c tu re an d th e p ara m ete rs of is sp a tia l stru c tu re . C alculations w ere m ade using a ZAM-21 alpha com puter.
MODEL OF HOME RANGE
In itia l an a ly sis of th e sh ap e of th e hom e ra n g e of C. glareolus (M azurkiewicz, 1969) co n firm e d th e re su lts g iv en b y Mohr (1965), Godfrey (1954a) a n d o th e rs on th e e lo n g a te d ' sh ap e of th e hom e ra n g e, b o th in a n iso lated (island) a n d open area. T h ese re su lts ju stifie d ac cep tan c e of a m odel assu m in g no c irc u la r ho m e range. T he firs t tw o p a ra m e te rs in d icate th e co -o rd in a te s of th e sta tis tic a l c e n tre of th e in d iv id u a l's hom e ra n g e, th e la s t th re e in d icate th e w a y in w h ich c a p tu re site s a re d is trib u te d a ro u n d th is c e n tru m . T h ese fiv e s ta tis tic a l p a ra m e te rs a p p ro x im a te ly d e fin e th e w ay in w hich th e in d iv id u a l m a k e s use of th e a re a a n d p e rm its d e fin in g , also a p p ro x i m a tely , th e a n im a l's hom e range.
S ta tis tic a l e la b o ra tio n of co o rd in a tes of c a tc h p o in ts, such as th e one of Calhoun & Casby' s (1958) , is lim ite d on ly to th re e p a ra m e te rs , th e firs t tw o of w h ic h a re id e n tic a l w ith th o se g iv en above, w h ile th e th ird re p la c e s th e re m a in in g th re e . T h is th ird is th e d is ta n c e of tra p p o in ts from th e s ta tis tic a l c e n tre of th e ran g e. Calhoun & Casby (I.e.) do n o t th u s m ak e u se of p a rt of th e in fo rm a tio n p ro v id ed by re co rd in g c a p tu re sites; in p a rtic u la r th e y do n o t ta k e in to co n sid eratio n th e fa ct th a t a n in d iv id u a l living in th e a re a m ay p r e f e r o n e (or sev eral) d ire c tion of m o v em en t o v er th e a re a , b u t tre a t all d ire c tio n s eq u ally . T his con s e q u e n tly lead s to accep tan c e of th e c irc u la r m o d el of th e hom e ra n g e. F ro m th e sta tis tic a l p o in t of view , th e lim ita tio n in h e re n t in Calhoun & Casby' s (1958) m eth o d is th a t it fails to ta k e into account th e fa c t t h a t d ev iatio n fro m th e m ean alo n g th e ro w s of tr a p s m ay n o t be of th e sam e v a lu e as d ev iatio n across th e ro w s a n d th a t co v arian ce of d ev ia tio n s m a y n o t be equal to zero.
In o rd e r to u tilize th e fiv e a b o v e -m e n tio n e d s ta tis tic a l p a ra m e te rs the follow ing a ssu m p tio n s w e re a c cep ted as a w o rk in g h y p o th esis: (1) a n in d iv id u a l m oving a b o u t th e a r e a p re fe rs o n e p a r tic u la r d irec tio n , (2) p ro b a b ility of re v e la tio n of tra p p in g site s by a n in d iv id u a l is s u b je c t to th e ru le s of tw o -d im en sio n al n o rm a l d is trib u tio n , (3) th e b o u n d a ry of a h o m e ra n g e is a closed cu rv e co nnecting sites in an a re a of u n ifo rm p ro b a b ility *) of e n c o u n te rin g an in d iv id u a l a n d closing th e d efin e d d is tri b u tio n of p e rc e n ta g e s of all c a p tu re s.
In o rd e r to check th e re lia b ility of a ssu m p tio n s (2) an d (3) th e ellip ses c o rresp o n d in g to hom e ra n g e s of 50 in d iv id u a ls chosen a t ra n d o m w e re d ra w n . If th e d istrib u tio n of c a p tu re s of an in d iv id u a l sh o u ld co n tain 63.2% of c a p tu re s in th e a re a c o rresp o n d ed to th e tw o -d im en sio n al n o r m al d istrib u tio n . T h e re a l n u m b e r of c a p tu re s w ith in th e d efin e d ellipses w e re th e n co u n ted , com bining 5 in d iv id u a ls in each group. I t w a s fo u n d b y m ean s of th e % 2 te s t th a t th e fig u re o b ta in e d did n o t d iffe r sig n ific a n tly fro m th e th e o re tic a l v a lu e of 63.2% (T able 3). A l th o u g h th is fin d in g is n o t su ffic ie n t p ro o f of th e n o rm a lity of th e d is tri b u tio n , th e re a re no g ro u n d s fo r re je c tin g th is h y p o th e sis an d it is ju s ti fia b le to use th e n o rm al d istrib u tio n w h e n d esc rib in g th e hom e range. A ssu m in g th a t d istrib u tio n of likelihood of e n c o u n te rin g a n in d iv id u a l w ith in its ow n ho m e ra n g e is a n o rm a l d is trib u tio n , th e n it is possible to d esc rib e th e w a y in w hich th e a re a is used b y an in d iv id u a l. D istrib u tio n o f p ro b a b ility of e n c o u n te r of a n in d iv id u a l w ith in th e hom e ra n g e c re a te s a n a r e a sim ila r in shape to a » b ila te ra lly fla tte n e d bell«, w ith its apex a b o v e th e g eo m etrical ce n tre. E llipses w ith a com m on c e n tre a n d u n ifo rm *) S trictly speaking: density of probability.
d eg ree of fla tte n in g co rresp o n d to th e cu rv es on th e su rface of a u n ifo rm p ro b a b ility of e n c o u n te rin g a n in d iv id u a l. If th e c irc u la r hom e ra n g e is accep ted , th e a re a o b ta in e d is sim ilar in sh ap e to a »bell« w ith c irc les in ste a d of ellipses.
On th e b asis of th e a ssu m p tio n s accepted, sim ple s ta tistic a l e la b o ra tio n leads to th e d e te rm in a tio n of th e hom e ra n g e b o u n d ary w h ich is a n ellip se w ith its c e n tre in th e g eo m etric al ce n tre, w ith ax is d e fle c te d to th e lin es of row s a t a c e rta in an g le 90 a n d w ith a given d e g re e of f la t- Table 2 N um erousness, n um ber of captures and average n um ber o f.c a p tu re s of observed m ales and fem ales. ten in g . A ho m e ra n g e m odel of th is kin d is called an ellip tic m odel. B o th an g le < p a n d fla tte n in g o f th e ellipse can be easily c a lc u la te d fro m th e five s ta tistic a l p a ra m e te rs giv en (cf. A ppendix), A ngle q> d efin e s th e d ire c tio n of m o v e m e n t p re fe rre d b y a n in d iv id u a l, a n d th e fla tte n in g of th e ellip ses (ratio of axes) th e d eg ree of p re fe re n c e fo r th is d irectio n .
H om e ra n g e d efin e d in th is w ay has a d e fin ite sh ap e an d lo catio n in th e a re a b u t a n u n d e fin e d size, d im ensions of th e ellipse fo rm in g the b o u n d a ry of th e ho m e ra n g e d ep en d on w h a t p erc e n ta g e of all c a p tu re s it is to co n tain . D e p en d in g on th e assu m ed p e rc e n ta g e th e b o u n d a ry ellipse w ill be g re a te r o r sm aller, b u t w ill re ta in a c o n s ta n t c e n tre , d i rectio n of m ain a x e s a n d fla tte n in g . W ith th e d e te rm in a tio n of a c e rta in p e rc e n ta g e of c a p tu re s (in th e p re s e n t stu d y -95% ) w h ich , in a c co rd ance w ith th e assu m e d n o rm a lity of d is trib u tio n is to be enclosed w ith in the ellip tic a l a re a , w e ca n d efin e th e ab so lu te sizes of th e ellip ses fo r th e T able 3 C om parison of th e p ercen tag e of captures in elliptic hom e ranges w ith th e o re tic al value 63.2°/« (according to noram i distribution). g iven in d iv id u a ls. By co m p arin g th ese sizes conclusions can be re ach e d on th e re c ip ro c a l re la tio n of th e re a l hom e ra n g e s of th ese in d iv id u als. T h u s th e p a ra m e te rs o f th e ellip ses o b tain ed fro m th e c a lc u la te d fiv e sta tis tic a l p a r a m e te rs p ro v id e a co n v e n ie n t m eth o d fo r in v e stig a tin g size a n d re c ip ro c a l d is trib u tio n of h om e ra n g e s of d iffe re n t in d iv id u a ls, p r e fe rre d d irec tio n of th e in d iv id u a l's m o v em en ts a n d th e in te n s ity of th is p re fe re n c e .
NUMBER OF CAPTURES AND ESTIM ATED HOME RANGE SIZE
In o rd e r to fin d o u t how th e n u m b e r of c a p tu re s of an in d iv id u a l affe c ts th e e s tim a te of th e size of its hom e ran g e, w e chose 50 in d iv id u a ls, m ales a n d fem ales, c h a ra c te riz e d by a hig h n u m b e r of c a p tu re s (from 14 to 26 c a p tu re s in one tra p p in g series) and p re sen ce in se v e ra l serie s of tra p p in g s. C alcu latio n w as m ade fo r each In d iv id u a l of th e g eo m etric al c e n tre of its ho m e ra n g e an d sta n d a rd d ev iatio n of d istan ce s of successive c a p tu re s fro m th is c e n tre along each of th e ax es of th e c o -o rd in a te s of th e tra p p in g g rid , s ta rtin g from tw o c a p tu re s, a n d th e n a d d in g o n e con sec u tiv e c a p tu re up to th e to ta l n u m b e r of c a p tu re s of th e g iven indi v id u al. C alcu latio n w as m ade of th e a v e ra g e sh ift in th e g eo m etric al c e n tre of th e hom e ra n g e and a v e rag e s ta n d a rd d ev iatio n of d ista n c e of c a p tu re s fro m th is ce p tre each tim e a c a p tu re w as ad d ed (Fig. 3 ). It w as fo u n d th a t th e a v e rag e sh ift in th e g eo m etric al c e n tre of hom e ra n g es is slig h t a n d g ra d u a lly decreases w ith in c re a se in n u m b e r of c a p tu re s. It is no t u n til th e 19th re p e a t c a p tu re th a t it is e sta b lish e d on a d e fin ite level. S ta n d a rd d eviations of d ista n c e of c a p tu re fro m th e ce n tre, h o w e v er, in crease sh a rp ly u p to 3 c a p tu re s, th e n co n tin u o u sly , b u t v e ry slig h tly , in crease up to the m a x im u m n u m b e r of c a p tu re s.
S e v e ra l a u th o rs (Blair, 1942 ; H a y n e, 1950; S t i c k e 1, 1954) con sid er th a t re lia b le size of th e hom e a re a is o b tain ed on ly a f te r th e in d iv i d u a l h a s been c a u g h t 10 tim es. T he above re s u lts show th a t e r ro r in esti m a tin g hom e ra n g e size (calculated on th e basis of s ta n d a rd d ev iatio n s) does n o t sig n ific a n tly in crease w hen a m in im u m n u m b e r of 5 c a p tu re is accep ted (dn o n e tra p p in g series) as q u a lify in g a n in d iv id u a l fo r co llec ti v e an aly sis. In th is w a y an a ly sis in clu d ed in d iffe re n t tra p p in g series from 51.2 to 92.6% of in d iv id u a ls of th e s tu d y p o p u la tio n a n d th e m ean n u m b e r o f c a p tu re s v a rie d fro m 7.7 to 14.6 fo r fem ales a n d fro m 9.0 to 14.9 fo r m a le s (T a b le 2). R ed u ctio n of th e m a te ria l co n c ern e d p rim a rily the y o u n g est in d iv id u a ls in a given tra p p in g series, w hich w e re c a u g h t fo r th e firs t tim e to w a rd s th e e n d of th e s tu d y p e rio d (T able 1). 5 . SHA PE OF HOME RANGE T he sh a p e of th e h o m e ra n g e w as c h a ra c te riz e d b y th e d eg ree to w h ich th e ellipse w as fla tte n e d , accep tin g as a n in d e x th e ra tio of le n g th of th e m ain ax es of th e ellip ses. In th is w ay a n u m e ric a l in d ex w as o b ta in e d for each in d iv id u a l d e fin in g how m an y tim e s lo n g er one ax is of th e e llip tic hom e ra n g e w a s th a n th e o th er. A h isto g ra m (Fig. 4) of th e d e g re e of elo n g atio n of th e ho m e ra n g e w as m a d e fo r all th e in d iv id u a ls ex am in ed , a n d m ean elo n g atio n of th e ho m e ra n g e c a lc u la te d for fe m a les a n d m ales in each tra p p in g serie s (Fig. 5) . T h e co e fficien t of v a ria tions in elo n g atio n of th e hom e ran g e w ith in th e co h o rts o c c u rrin g in th e given tra p p in g serie s a re given in T ab le 4.
Elliptic S hape of Home Range
A n alysis of th e sh a p e of th e h o m e ra n g e in su ccessiv e tra p p in g serie s show ed th a t in th e m a jo rity of in d iv id u a ls it w as sim ila r in sh a p e to a m ore or less fla tte n e d ellipse, on an a v e rag e w ith one ax is 2.51 tim es lo n g er th a n th e o th e r. O u t of th e 1157 an aly ses, 30% of th e in d iv id u als h ad an a lm o st c irc u la r h om e ra n g e (w ith ax is ra tio 1-1.57), 40% of th e in d iv id u a ls h a d a ho m e ra n g e w ith ax is ra tio of 1.57-2.51, 30% of th e in d iv id u als h a d a m o re e lo n g a te d ho m e ra n g e u p to a n ax is ra tio of 10.00 (Fig-4) .
T ab le 4 Coefficient of v aria tio n in elongation of hom e ranges of individuals belonging to d iffe ren t cohorts. T he above d a ta show th a t th e ellip tic m odel of th e hom e ra n g e is a m o re a c c u ra te sim u la tio n of th e a c tu a l d istrib u tio n of c a p tu re s of an in d iv id u a l in th e s tu d y a re a th a n a m o d el assu m in g th e hom e ra n g e to be ro u n d .
C hanges in Shape of th e H om e Range of D ifferen t Cohorts
T he sh ap e of th e h o m e ra n g e fo r in d iv id u a ls b elo n g in g to d iffe re n t co h o rts w as tra c e d (m ea su red b y th e ra tio of ax is le n g th s of th e ellipse) a t v ario u s tim e s of th e a n n u a l cycle, d e fin e d b y th e tra p p in g perio d s (Fig. 5) .
I t w as fo u n d th a t th e sh a p e of th e ho m e ra n g e fo r in d iv id u a ls belonging to d iffe re n t co h o rts e x h ib its irre g u la r ch an g es in tim e w ith a d istin c t te n d e n c y to ro u n d in g of th e ho m e ra n g e fro m s p rin g to a u tu m n .
T h e m ost elo n g ate d h om e ra n g e s a r e th o se of c o h o rt K" m ales in sp rin g (A pril). D u rin g th is tim e a d iffe re n c e is ob serv ed in th e d e g re e of e lo n gatio n o f th e ho m e ra n g e b e tw e e n m ales a n d fem ales. F ro m J u n e th e d eg ree of elo n g atio n of th e h om e ra n g e is sim ila r fo r fem ales a n d m ales in both c o h o rt K 0 a n d also in c o h o rts K ,, K 2 a n d K 3 su cc essiv ely e n te rin g th e population.
The hom e ra n g e of co h o rt K : in d iv id u a ls, w h e th e r fe m a les o r m ales, is m ost elo n g ated a t th e tim e th is c o h o rt e n te rs th e p o p u la tio n (June). T h e course ta k e n by seasonal v a ria tio n s in d e g re e of elo n g atio n of th e hom e ra n g e is sim ila r in both s tu d y y e a rs fo r th is g ro u p of in d iv id u a ls (Fig. 5) . T he sh ap e of th e hom e ra n g e of c o h o rt K 2, e n te rin g th e p o p u la tion in J u ly , is sim ila r to th a t o f th e c o h o rt K x d u rin g th is period. T he hom e ra n g e of in d iv id u a ls belonging to c o h o rt K 3 e x h ib its a te n d e n c y to elongation fro m th e tim e th is c o h o rt e n te rs th e p o p u la tio n till a u tu m n (Fig. 5) .
A nalysis w as m ade of th e d iffe re n tia tio n of fe m a les a n d m ales in respect of th e sh ap e of th e ir ho m e ra n g es w ith in th e d iffe re n t c o h o rt in successive tra p p in g series, u sin g th e v a ria tio n c o e fficien t (ra tio of e rro r in m ean to th e m ean). I t w as fo u n d th a t th e d iffe re n t co h o rts do n o t fo rm a uniform g ro u p in re sp e c t of ho m e ra n g e shape. T h e d e g re e of d iffe re n tiation o f th e in d iv id u a ls in th e co h o rts v a rie s in tim e, b u t su ch v a r ia tio n s do n o t e x h ib it a n y re g u la ritie s (T able 4).
C om parison of th e hom e ra n g e sh a p e fo r in d iv id u a ls in th e d iffe re n t cohoits at th e sam e ag e show ed th a t its sh ap e is n o t c o n n e c te d w ith th is p a rtic u la r age.
C oncluding it can b e said th a t th e hom e ra n g e is e llip tic in sh ap e, w ith average a x is ra tio of 2.5; m a x im u m elo n g atio n is fo u n d in th e hom e ranges c o h o rt K 0 m ales (old a d u lts) in sp rin g ; d u rin g th is sea so n d iffe rences o cc u r b e tw e e n th e sh ap e of th e h o m e ra n g e of m a le s (axis ra tio 3.0-1.6) a n d of fe m a les (axis ra tio 2.1-2.4). No c o rre la tio n s w e re fo u n d b etw een th e age of in d iv id u a ls a n d d e g re e of e lo n g a tio n of th e ir hom e range. T h e hom e ra n g e of in d iv id u a ls of th e w h o le p o p u la tio n te n d s grad u ally to becom e ro u n d e r fro m sp rin g to a u tu m n . 6 . SIZE OF HOME RANGE The .size of th e ho m e ra n g e w as d e fin e d by th e a re a of a n ellipse containing 95% of c a p tu re s of a n in d iv id u a l a n d ex p re sse d in u n its related to one catch p o in t (1 = 225 m 2). C alc u la tio n w as m a d e -o f th e average size of th e ho m e ra n g e fo r m ales a n d fe m a le s in th e d iffe re n t cohorts a p p e a rin g in th e given tra p p in g serie s (Fig. 6 ). D iffe re n tia tio n in hem e ra n g e size w ith in th e c o h o rts w as d efin e d b y m e a n s of th e v aria tio n co e fficien t (T able 5). A ssu m in g th a t m ales a n d fe m a le s in th e d iffe ie n t co h o rts e x c lu d e d fro m a n a ly sis h av e h om e ra n g es eq u a l to th e m ean h o m e ra n g e of in d iv id u a ls an a ly se d in th e g iv en gro u p s, ca lc u la tion v a s m ad e of th e to ta l sum of ho m e ra n g es, a v e ra g e hom e ra n g e a n d T h e d iffe re n t co u rse ta k e n b y v a ria tio n s in th e size of ho m e ra n g es of m ales b elo n g in g to d iffe re n t co h o rts in 1966 a n d 1967 is p ro b a b ly co n n ected w ith d iffe re n t p o p u la tio n n u m b e rs in J u ly a n d S e p te m b e r (Fig. 2) w h ich h a d e n te re d th e p o p u latio n e a rlie r (hom e ra n g e of co h o rt K 2 in re la tio n to th a t of c o h o rt K 3, hom e ra n g e of c o h o rt K 3 in re la tio n to th a t of c o h o rt K 2).
In th e a u tu m n , in N ev em b er, th e re is a d e c re a se in th e size o f hom e ra n g e of b o th fem ales a n d m ales (Fig. 6 ). W hen th e w hole of th e m a te ria l is an a ly se d th e a v e ra g e size of th e ho m e a re a w as found to be d if fe re n t fo r fem ales a n d m ales. In c o h o rt fCn, K 1 a n d K 2 th e m a le s' hom e ra n g es a r e g re a te r th a n th o se of fem ales, th e g re a te st d iffe re n c e o cc u r rin g in c o h o rt K a. In c o h o rt K 3 th e fe m a les' ho m e ra n g e tis slig h tly g re a te r th a n th a t of m ales.
V ery c o n sid e ra b le d iffe ren c es w e re fo u n d b e tw e e n fem ales a n d m ales in re sp e c t of size of th e hom e ra n g e w ith in th e d iffe re n t co h o rts (T able 5). T h ese d iffe re n c e s a re g re a te r th a n th e d iffe re n c e s b etw e en in d iv id u a ls d iscu ssed in th e p re v io u s section, in re sp e c t of sh ap e of ho m e ra n g e (T ahle 4). A s in th e case of sh a p e of th e ho m e ran g e, v a ria tio n s in tim e do n o t e x h ib it a n y re g u la ritie s. 6 T he d e g re e of o v e rla p p in g o f h o m e ra n g e s (ratio of to ta l su m of hom e ra n g es to n u m b e r o f ca tc h p o in ts -in th e a re a ) is th e fu n c tio n of size of h om e ra n g e s a n d p o p u latio n n u m b e rs. In 1966 it e x h ib its a po sitiv e re la tio n to lev el of n u m b e rs in co n secu tiv e tra p p in g series. In 1967 both p o p u la tio n n u m b e rs a n d a v e ra g e size o f ho m e ra n g e , a n d also th e d eg ree to w h ich th e y o v erla p , e x h ib it slig h t d iffe re n c e s in J u n e a n d J u ly . In crease in n u m b e rs u p to N o v e m b e r is co n n e cted w ith re d u c tio n o f th e av e ra g e ho m e ra n g e size a n d d eg ree of o v e rla p p in g of hom e ran g es.
To su m up it m ay b e said th a t: fe m a les b elo n g in g to c o h o rt K 0 (old ad u lts) h a v e th e la rg e st hom e ran g es; hom e ra n g es of m ales a re la rg e r th a n th o se of fem ales. T h e g re a te s t d iffe re n c e o cc u rs in co h o rt K 0. T he la te r th e c o h o rt e n te rs th e p o p u la tio n th e s m a lle r th e h om e ra n g es of th e in d iv id u a ls fo rm in g th e cohort (e x cep t fo r fem ales in c o h o rt K,). In a u tu m n th e hom e ra n g e a n d its d iffe re n tia tio n b e tw e e n co h o rts, a n d also b e tw e e n m ales a n d fem ales wiithin th e co h o rts, d ecreases. T h e m ean size of th e hom e ra n g e decreases fro m s p rin g to a u tu m n irre sp e c tiv e of d if fe re n c e s in th e lev el of n u m b e rs in d iffe re n t m o n th s of th e tw o y ea rs. T he lev el of n u m b e rs a n d m ean size of th e hom e ra n g e d e te rm in e th e d eg ree of o v e rla p p in g of ho m e ranges.
D ISTRIBU TIO N OF INDIVIDUALS IN THE AREA AND ITS VARIATIONS
IN TIM E in a given tra p p in g series w e re p lo tte d on a m ap of th e island. T h e su rfa c e of th e islan d w as d iv id ed acco rd in g to th e d is trib u tio n of catch points. T he d is trib u tio n of th e g eo m etric al c e n tre s of hom e ran g es of in d iv id u a ls in th e v a rio u s sq u a re s w as co m p ared w ith P o isso n 's th e o re tical d istrib u tio n . A n aly sis w as m ad e jo in tly fo r all in d iv id u a ls in a given tra p p in g series, and also s e p a ra te ly fo r v ario u s cohorts. It w as fo u n d th a t th e d is trib u tio n of g e o m etric al c e n tre s of h o m e ra n g es o v er th e island ag rees w ith P o isso n 's d is trib u tio n in all th e t r a p ping series w h en th e w hole p o p u latio n is ta k e n in to co n sid eratio n (Ta ble 7). W hen th e v a riu s co h o rts w e re ta k e n s e p a ra te ly , it w as on ly in o n e case th a t a c lu m p e d d is trib u tio n w as o b tain ed , n a m e ly in J u ly 1966 fo r c o h o rt K 2, th e y o u n g e st in th e given tra p p in g series. C o h o rt K 2 w as v e ry n u m e ro u s th is y e a r (Fig. 2) , a n d in J u ly is fo rm e d 70% of th e in d i v id u a ls of th e w h o le p o p u latio n . It is possible th a t th e in d iv id u a ls b e lo n g in g to th is y oung c o h o rt sh a re d n ests a n d h a d n o t y e t dispersed.
Distribution of the Geometrical Centres of Home Ranges in the Area

Degree to Which Geometrical Centre of Home Ranges Shifts during the Course of the Year
In o rd e r to d e te rm in e h ow g re a t is th e sh ift in g eo m etric al c e n tre of hom e ra n g e s in tim e, th e g eo m etric al c e n tre s of hom e ra n g es o f each in d iv id u a l w e re p lo tte d on a m a p of th e islan d fo r each of tw o successive censuses. H a v in g m a rk e d tw o g eo m etric al c e n tre s of hom e ra n g es w h ich co rresp o n d to tw o successiv e censuses, th e d is ta n c e w as m e a su re d b e tw ee n th em . In th is w a y th e e x te n t of s h ift ta k in g p lace d u rin g th e in te rv a l b e tw e e n censuses w as o b tain ed . C a lc u la tio n w as m ad e o f th e d i s trib u tio n of e x te n t of s h ift in th e g eo m etric al c e n tre of th e hom e ra n g e jo in tly fo r all th e in d iv id u a ls ex a m in e d (a to ta l n u m b e r of 805 sh ifts w as m easu red ) (Fig. 7) . C alcu latio n w as m ade of th e m ean sh ift in cen tre s b e tw e e n co n secu tiv e censuses fo r fe m a les a n d m ales w ith in co h o rts K 0> Kj, K 2 in bo th s tu d y y e a rs (Fig. 8) .
■ ---------------
A n a ly sis show ed th a t 51% of all th e in d iv id u a ls sh ifte d th e c e n tre of th e ir ho m e ra n g es on ly s lig h tly o v er th e co u rse of 1.5 m o n th s (on an a v e ra g e 7.5 m), 25% of in d iv id u a ls s h ifte d it, a n a v e ra g e of 15 m a n d only 24% of in d iv id u a ls s h ifte d th e se c e n tre s to a g re a te r e x te n t (from 30 to 150 m) (Fig. 7) .
C o m p ariso n of th e a v e ra g e sh ift in g eo m etric al c e n tre of h o m e ra n g es of m ales a n d fem ales in th e d iffe re n t co h o rts show ed th a t in th e m a jo rity of cases th e sh ift w as g re a te r in th e case of m ales th e n fe m a les b elo n g in g to th e sam e co h o rt (Fig. 8) . C o m p ariso n of co n secu tiv e sh ifts in th ese c e n tre s fo r th e co h o rts K 0, K u K z in b o th y ea rs sh o w ed th a t th e re is a te n d e n c y to d ec re a se of th e v a lu e of sh ift in tim e (Fig. 8). A n e x ce p tio n is fo rm e d b y m ales in co h o rts K j an d K 2 in 1967. C o h o rt K c, in p a r tic u la r th e m ales, e x h ib its a c o n sid erab le sh ift b e tw e e n N o v em b er a n d A p ril in b o th y ears, b u t th is s h ift tak es place o v e r a p e rio d fo u r tim e s lo n g e r (5.5 m onths) th a n sh ift in th e case of c o h o rt K j a n d K 2 (1.5 m o n th s). A n a ly sis of d iffe re n c e s in e x te n t of sh ift of th e se c e n tre s fo r fem ales a n d m ales w ith in th e d iffe re n t co h o rts (d e scrib ed by th e ra tio of e rro r of m e a n to th e m ean) (T able 8) show ed th a t co h o rts a r e n o t hom ogeneous groups, a n d th e d e g re e of d iffe re n tia tio n of in d iv id u a ls dep en d s on th e n u m b e rs of th e c o h o rt a n d d en sity of th e w hole p o p u latio n . P a r ti cu la rly strik in g d iffe re n c e s occu r in th e d eg ree o f d iffe re n tia tio n of in d i v id u a ls in c o h o rt K 2 in 1966 a n d 1967. In 1966 ow ing to th e h ig h p o p u la tio n n u m b e rs th e r e a re on ly slig h t d iffe re n c e s b e tw e e n in d iv id u a ls in th is c o h o rt in re s p e c t of s h ift in c e n tre s o f ho m e ran g es. In 1967 th e e n try of n ew in d iv id u a ls into th e p o p u la tio n took p lace g ra d u a lly {there is no d is tin c t p ea k in n u m b ers) a n d th e d iffe re n tia tio n of in d iv id u a ls in co h o rt K 2 is f a r g re a te r, p a r tic u la rly am ong m ales.
C o h o rt K lt th e n u m b e rs of w h ic h w e re sim ila r in b o th y e a rs, e x h ib its a sim ila r d e g re e of d iffe re n tia tio n in re sp e c t of a m o u n t of sh ift of th e c e n tre of ho m e ra n g es. T h is d e g re e h a s a te n d e n c y to in crease in th e case of m ales, a n d to re m a in on a sim ila r lev el fo r fem ales.
T able 8 C oefficient of v aria tio n in sh ift of hom e ran g e centres of individuals belonging to d iffe ren t cohorts tak in g place betw een successive censuses. To su m u p i t w as fo u n d th a t: d is trib u tio n of th e g eo m etric al c e n tre s of th e hom e ra n g es fo r in d iv id u a ls in th e w h o le p o p u la tio n a n d in d iffe re n t co h o rts (except fo r c o h o rt K 2 in J u ly 1966) w as ra n d o m in all c e n suses. T he sh ift in th e g e o m etric al c e n tre s of hom e ra n g e s in tim e w as slig h t in th e m a jo rity of cases, b u t g re a te r fo r m a le s th a n fem ales. D if feren ces b e tw e e n in d iv id u a ls in th e v a rio u s co h o rts in re sp ect o f e x te n t of sh ift in c e n tre s of ho m e ra n g e s w ould a p p e a r to d ep e n d on n u m b e rs of th e c o h o rt a n d p o p u latio n d en sity .
Cohort Sex 1966 1967 i XI-IV IV -V I V I-V II V II-IX IX -X I X I-IV IV -V I V I-V II V II-IX IX -X I
ARRANGEMENT O F HOME RANGES IN TH E AREA
Methodical Remarks
A n aly sis of th e d is trib u tio n of g e o m e tric a l c e n tre s of ho m e ra n g e s in th e s tu d y a re a show ed th a t th e ir d is trib u tio n is ra n d o m . T he ellip tic al sh ap e of th e hom e ran g e, h o w ev er, su g g ests th a t e x te r n a l fa c to rs h av e 1967 1966 -5cT
KlHN K2{ iii K3n *5® a v a ry in g in flu e n c e on th e w ay in w hich th e in d iv id u a l m oves o v er th e area. It m a y be assu m ed th a t th e long ax is o f th e e llip tic hom e ra n g e is th e d irec tio n in w h ich th e in d iv id u a l p re fe rs to m ove, r a th e r th a n a d ire c tio n c o rresp o n d in g to th e sh o rt ax is of th e hom e range.
A n aly sis w as m ad e of th e d irec tio n s in w h ich th e hom e ran g es w e re a rra n g e d in th e s tu d y a re a . T he an aly sis w as based on calcu latio n s of th e fo llow ing d a ta fo r each in d iv id u al: (1) a n g le tp fo rm ed b y long ax is of th e ellipse w ith th e ax is of th e catch p oint g rid in th e area, d esc rib in g th e d ire c tio n of lo catio n of th e hom e ra n g e in th e s tu d y area, a n d (2) th e eccen tric of th e ellipse, w h ich ds a m e a su re of th e ra tio of th e m ain ax e s of th e ellip se a n d sim u lta n e o u sly a m easu re of its fla tte n in g in th e ra n g e of 0-1 (in th e case of a circle it is zero, a n d in th e case of a s tra ig h t lin e -u n ity ) (a d e ta ile d d esc rip tio n of th e m eth o d is to be fo u n d in th e s tu d y b y Mazurkiewicz, 1970). Table 9 D istribution of individuals depending on direction in w hich th eir hom e ranges are located in the stu d y area. H isto g ram s w e re m a d e of th e m ain d ire c tio n s of a rra n g e m e n t of hom e ra n g es d esc rib ed b y to ta l su m of e c cen tric s fo r each tra p p in g serie s (Fig. 9) . T h e ra n g e of angles 0-180° w as co n sid ered in re la tio n to the ax is x of th e catch p o in t g rid in the a re a (sh o rt axis of th e island). T his ra n g e w as d ivided into 6 classes w ith 30° in te rv a ls b etw e en th em . T he d iffe re n c e b e tw e e n th e to ta l su m of e c cen tric s a n d th e sta n d a riz e d m ean fo r all tra p p in g serie s w as tak en as a m e a su re of p re fe re n c e s fo r a given d irec tio n . S im u lta n e o u sly fo r th e sak e of co m p ariso n th e ab so lu te n u m b e rs of fem ales a n d m ales w e re given, th e hom e ra n g es of w h ich w e re a rra n g e d in th e 6 d iffe re n t classes of an g les, fo r all th e tra p p in g series (T able 9).
Main Direction of Location of Home Ranges
It w as fo u n d th a t th e d e g re e of use m ade of th e d istin q u ish e d d irectio n s v a rie d in su ccessiv e tra p p in g series. T he d eg ree to w h ich d iffe re n t d ire c tio n s w e re u sed coincided fo r fe m a les a n d m ales (c o rre la tio n co efficien t -0.582, s ig n ific a n t on a level of 0.05).
T h e ch ief d ire c tio n in w h ich hom e ra n g es w e re lo cated in th e stu d y a re a w as th e d ire c tio n c o n ta in e d in th e an g le class 90-119°. In all th e tra p p in g serie s th e to ta l su m of ec cen tric s re v e a le d a v a lu e co n sid erab ly ab o v e th e a c cep ted m ean (T able 10). In re la tio n to th e stu d y a re a th e an g le class 90-119° co rresp o n d s to th e lo n g est ax is of th e island. T his w ould m e a n th a t in d iv id u a ls e x te n d th e ir hom e ra n g es in th e d irec tio n o fferin g th e g re a te s t po ssib ilities of p e n e tra tio n .
T able 10
Intensiveness of use m ade of directions in w hich hom e ranges a re located in the » stu d y area.
Y ear M onth Andrzejewski et al. (1967) fo u n d th a t in d iv id u a ls co n sid ered as d o m in a tin g in th e p o p u latio n on th e basis of m ax im u m tra p p a b ility o ccu p y th e co a sta l s trip of th e islan d . C o n seq u en tly a check w as m ad e to d e te rm in e th e lo catio n of th e g e o m e tric a l c e n tre s of ho m e ra n g es in th e case of in d iv id u a ls fo r w hich th e long ax e s of ellip tic ho m e ra n g es a r e lo cated alo n g th e long ax is of th e islan d (90-119°). T h is an a ly sis w as m ad e a s follow s. A co astal s trip w as m a rk e d out w h ich co n tain ed th e tw o e x te rn a l ro w s of ca tc h p o in ts a n d h a lf th e d ista n c e to th e n e x t row . In d iv id u a ls w e re n e x t chosen fo r w h ich th e c e n tre s of ho m e ra n g es w e re s itu a te d in th is belt, a n d in d iv id u a ls fo r w h ich th e c e n tre s of hom e ra n g e s w e re s itu a te d in th e re m a in in g c e n tra l p a r t of th e (island. T he sam e a n a ly sis w as m ade fo r in d iv id u a ls fo r w h ich th e lo catio n of hom e ra n g es co rresp o n d ed to angle classes 0-59° a n d 150-180°, th a t is, th e w id th of th e islan d a n d ra n g es le a st used by th e in d iv id u a ls.
It w as fo u n d th a t th e p e rc e n ta g e of in d iv id u a ls, fo r w h ich th e c e n tre s of ho m e ra n g es w e re situ a te d in th e d e m a rc a te d co astal b elt, w as sim ilar (d iffere n ce no t s ta tis tic a lly sig n ifican t) in b o th th e p re fe rre d an g le class a n d in th e class of av o id ed angles. T h u s in d iv id u a ls w ith hom e ranges elo n g ated in th e d ire c tio n of th e long ax is of th e islan d do n o t p re fe r its co astal belt.
C o m p ariso n w as m a d e of th e tra p p a b ility of in d iv id u a ls w ith hom e ra n g es lo cated along th e long ax is of th e islan d w ith th e m ean tra p p a b ility of in d iv id u a ls in successive tra p p in g senies (Gliwicz, 1970) . I t w as fo u n d th a t th ey coincide, a n d th u s th e tra p p a b ility of th ese in d iv i d u als is n o t h ig h e r th a n th e a v e ra g e tra p p a b ility of all in d iv id u als. T h e lo catio n of ho m e ra n g es in th e d ire c tio n s d e fin e d in successive tra p p in g serie s fro m A p ril to N o v em b er a lte r in re sp e c t of n u m b e r of d irec tio n s m o re in te n siv e ly u sed a n d in th e in ten siv en ess of th e ir use. It w o u ld a p p e a r th a t th e location o f th e h om e ra n g e s dep en d s on th e d y n am ics of p o p u la tio n n u m b e rs, a n d p a rtly on phenological factors.
In 1966 th e re w as a ra p id in c re a se in p o p u la tio n n u m b e rs fro m A p ril to J u ly (Fig. 2) acco m p an ied by g ra d u a lly in cre asin g u n ifo rm ity of use of all d irec tio n s. In A p ril (1966) in a d d itio n to th e m ain d irec tio n along th e long axis of th e islan d (90-119°) m ales also p r e f e r th e n eig h b o u rin g d irec tio n (120-149°), a n d fe m a les th e d ire c tio n along th e s h o rt ax is of th e islan d (0-29°) a n d its n e ig h b o u r (30-59°) (Fig. 9) . In J u n e m ales a n d fe m a les u se p re fe rr e d d irec tio n s wiith th e sam e in ten siv en ess as in A p ril (Fig.-9) . In J u ly , a t th e p e a k of p o p u latio n n u m b ers, o n ly th e d ire c tio n alo n g th e long ax is of th e islan d re m a in s th e p re fe rre d d irec tio n in w h ich hom e ran g es a re lo cated (Fig. 9) . As n u m b e rs d ec re a se fro m J u ly to S e p te m b e r p re fe re n c e s fo r o th e r d irec tio n s 'increase, in th e case of m ales in class 120-149°, a n d fem ales in class 60-89°. W ith co n tin u in g d ec rea se fro m S e p te m b e r to N o v e m b e r th e re is a m ore u n ifo rm d is trib u tio n of hom e ra n g e s in all th e o bserved d irec tio n s, in ad d itio n to th e m ain p re fe rre d d irec tio n .
T he y e a r 1967 w a s d istin g u ish e d b y g ra d u a l in c re a se in p o p u latio n n u m b e rs fro m A p ril to N o v e m b e r (Fig. 2) . As a re s u lt m ore u n ifo rm use w as m a d e of th e v a rio u s d ire c tio n s in c o n se cu tiv e cen su ses th a n in 1966 (Fig. 9) . (Fig. 2) w ith location of hom e ra n g e s in th e stu d y a re a of in d iv id u a ls b elo n g in g to th e d iffe re n t co h o rts (Fig. 9 ) re v e a le d th a t th e g re a te r th e p o p u la tio n n u m b e rs a t th e tim e of e n try of th e cohort, a n d th e la te r th e e n try of th e co h o rt in to th e p o p u latio n , th e m o re ra n d o m th e d ire c tio n s in w h ich th e hom e ra n g e s of th e g iven c o h o rt a r e located.
To co n clu d e it m a y be said th a t: th e re is o n e m ain p re fe rre d directio n in w h ich ho m e ra n g e s a re located; high p o p u la tio n n u m b e rs cause m o re ra n d o m lo catio n of hom e ra n g es in th e s tu d y area; th e la te r th e co h o rt e n te rs th e p o p u latio n , th e m o re ra n d o m th e location of th e hom e ra n g es of m em b ers of th is c o h o rt in th e p o p u la tio n area.
DISCUSSION
A la rg e n u m b e r o f d a ta in d icate th a t th e sh ap e of th e hom e ra n g e is lo n g itu d in a l in th e m a jo rity of cases (Godfrey, 1954; Tanaka, 1953 ), a n d th a t th e an im als m ove alo n g d efin e d p ath s, p re fe rrin g c e rta in d ire c tio n s (Howard, 1949; Davis, 1953; Kay, 1961) . In p a r tic u la r Mohr (1965) fo u n d t h a t th e h om e ra n g e is ellip tic in shape, b u t used a re ctan g le to d esc rib e th e size of th e ho m e ran g e. Dice & Clark (1953) ta k in g a c irc u la r ho m e ra n g e as a m odel, m ak e th e re se rv a tio n th a t th e a ssu m p tio n th a t all p a rts of a giv en c irc u la r a re a a re u n ifo rm ly used by an in d iv id u a l c o n s titu te s a g re a t sim p lifica tio n of th e a n im a l's re a l m o v em en ts. T he m o d el of th e hom e ranges p re s e n te d in th e p re s e n t stu d y , w h ich is a m o d ificatio n of th e c irc u la r m odel (Dice & Clark, 1953; Calhoun & Casby, 1958) , is an a tte m p t a t c re a tin g g re a te r po ssib ilities of a n a ly sin g th e sh ap e of the h o m e ran g e. It does no t, h o w ev er, co m p letely solve th is pro b lem , as it p ro v id e s no o p p o rtu n ity of in d ic a tin g th e cases in w h ic h th e in d iv id u a l p re fe rs m o re (e.g. tw o) d irec tio n s w ith in its ho m e ra n g e. F ro m th e p o in t of s ta tis tic a l p re m ise s it is n o t n e c e ssa ry to accep t th e assu m p tio n of a c irc u la r sh a p e d hom e ran g e, th a t is, th a t th e a v e ra g e d ev iatio n in d ista n c e of c a p tu re sites of an in d iv id u a l fro m th e g eo m etric al c e n tre of th e h om e ra n g e is u n ifo rm fo r all d irec tio n , T hese d ev iatio n s b e calcu -Iated in d e p e n d e n tly fo r th e tw o ax es of c o -o rd in a te (A ppendix). In th is w a y w e o b tain a g en e raliza tio n of th e m odel b ased on th e assu m p tio n t h a t th e hom e ra n g e is c irc u la r (Dice & Clark, 1953; Calhoun & Casby, 1958) .
T h e p re s e n te d re s u lts of in v estig atio n s of th e sh a p e of th e h o m e ra n g e in o v er 1000 in d iv id u a ls show th a t a n ellip se is m ore sim ila r to th e re al d is trib u tio n of ca p tu re s of an in d iv id u a l in th e a re a th a n a circle (Fig. 4) .
It m u st b e em p h asised th a t th e ellip tic sh a p e fo u n d fo r th e hom e ra n g e of in d iv id u a ls is n o t th e re s u lt of th e lim ite d a re a of th e island o r its sh ape. In an op en fo re st area in d iv id u a ls also h ad ellip tic hom e ra n g es, a n d th e a v e ra g e elo n g atio n of hom e ra n g es w as 3.6 fo r b o th fem ales a n d m ales (Mazurkiewicz, 1969) .
T h e in flu en ce of e x te rn a l h a b ita t, biocenotic o r in tra p o p u la tio n fa c to rs m ay h a v e a lim itin g effect on som e of th e d ire c tio n s in w h ich th e in d iv id u a ls m ove, a n d a stim u la tin g e ffe c t on o th ers. T he assu m p tio n th a t th e ho m e ra n g e is c irc u la r lim its su ch action, since it is assum ed th e n th a t e ith e r e x te r n a l fa c to rs e x e rt no in flu e n c e on th e m o v em en ts of th e in d iv id u a l, o r do so w ith u n ifo rm s tre n g th fro m all sides.
W hen th e size of th e c irc u la r a n d ellip tic h o m e ra n g es is co m p ared it can be p ro v e d m a th e m a tic a lly th a t th e ellip tic ho m e ra n g e co n tain in g th e sam e p e rc e n ta g e of c a p tu re s of an in d iv id u a ls w ill alw a y s be sm aller, a n d th u s m ore filled w ith in fo rm a tio n in th e fo rm of ca p tu re s th a n th e c irc u la r ho m e ra n g e. T h e c irc u la r hom e ra n g e in clu d es too m u ch »em pty« space, i.e. space o fferin g no p ro o f th a t th e in d iv id u a l h as e n te re d at. T he m o re elo n g ated th e re a l hom e ra n g e th e g re a te r th e e rro r in estim a te d size of th e ho m e ra n g e w hen using th e m o d el based on a c irc u la r hom e range.
T he ac c e p ta n c e in th is s tu d y of a n ellip se co n ta in in g 95% of c a p tu re s of an in d iv id u a l fo r th e p u rp o se of d e sc rib in g th e size of th e hom e ra n g e w as d ic ta te d by th e ease of co n versions (A ppendix) a n d co rresp o n d s to 2.8 5 a fte r Calhoun&Casby (1958) .
U se of an ellip tic m odel in tro d u ce s a new p a ra m e te r in d e sc rip tio n of th e hom e ra n g e, th e p a ra m e te r of d irec tio n , m a k in g it possible to ex am in e th e d is trib u tio n of in d iv id u a ls' hom e ra n g e s in th e area, w h ich is n o t the case w ith th e c irc u la r m odel of th e ho m e ran g e.
A m in im u m n u m b e r of 5 c a p tu re s of a n in d iv id u a l w as accep ted in th e p re s e n t stu d y in o rd e r to e stim ate h om e ra n g e size, since it w as fo u n d th a t su b se q u e n t c a p tu re s do n o t e x e rt a n y sig n ifican t effec t on th e v alu e of s ta n d a rd d ev iatio n s (Section 4). S im ila r re su lts w e re o b tain ed by Lidicker (1966) a n d Quadanguo (1968) fo r M. musculus. N u m ero u s a u th o rs , h o w e v er (Blair, 1942 ; H a y n e, 1950; S t i c k e 1, 1954) s ta te th a t th e re a l size of th e ho m e ra n g e of sm all ro d e n ts ca n b e c a lc u la te d a f te r o b tain in g 10 c a p tu re s of an in d iv id u a l. R a j s k a (in litt) w ho u sed th e m eth o d of assessing hom e ra n g e g iv en b y Adamczyk et al. (1966) , a n d a n a ly se d th e sam e m a te ria l as th a t discussed in th is p a p e r, fo u n d th a t th e size of th e hom e ra n g e in c re a se s in d e fin ite ly to g e th e r w ith th e n u m b e r of c a p tu re s fo r old in d iv id u a ls, p a rtic u la rly m ales. In th e case of y o u n g in d iv id u als, h o w ev er, esp e cially fem ales, th e size of th e hom e ra n g e is estab lish ed a f te r on ly a few c a p tu re s . T he e rro r in assessin g th e size of th e hom e ra n g e b y m ean s of d e te rm in in g th e g e o m e tric a l c e n tre an d s ta n d a rd d ev iatio n s m a y be d u e to th e fa c t th a t s ta n d a rd d ev iatio n s fro m th e c e n tre d e te rm in e d a f te r se v e ra l c a p tu re s a re n o t su ffic ie n tly sen sitiv e to sin g le n ew c a p tu re sites of an in d iv id u a l.
T h e m a te ria l an a ly se d in re sp e c t of sh ap e a n d size o f th e ho m e ra n g e a n d d is trib u tio n of in d iv id u a ls in th e a re a w as e la b o ra te d Getz, 1961) , age a n d se x s tru c tu re (Naumov, 1951 ; Y e r g e r, 1953), co v er of th e a re a (Blair, 1951 ; Y e r g e r, 1953), food, season of th e y e a r (Yerger, 1953) . T h e sim u l ta n e o u s ac tio n o f th ese fa c to rs on th e sp a tia l d is trib u tio n o f th e p o p u la tio n fr e q u e n tly m ak es it im possible to tra c e th e m o st im p o rta n t fa c to r a c tin g a t th e giv en m om ent.
T he sh ap e of th e ho m e ra n g e did n o t e x h ib it a n y d ire c t d ep e n d en ce on p o p u la tio n d en sity , n e ith e r did th e ag e of in d iv id u a ls d ire c tly affec t th e d e g re e of elongation of th e hom e ra n g e. Mohr (1965) , w ho gives se v e ra l ex a m p le s of elo n g ated hom e ra n g e of sm all m am m als, s ta te s th a t th e d e g re e of elongation of th e hom e ra n g e .is c o n sta n t, a n d it is on ly its size w h ich v aries.
T h e d iffe re n tia tio n in size of hom e ra n g e d e p e n d in g on sex, m o st d istin c tly e x p ressed in c o h o rt K 0, ag rees w ith th e d a ta o b ta in e d fo r C. glareolus by Manville (1949) , Naumov (1951) , Brown (1956) , Radda (1968) , R a j s k a (in litt.). S lig h t d iffe re n c e s b e tw e e n th e size of th e h o m e ra n g e of fem ales in th e v a rio u s co h o rts a n d slig h t v a ria tio n s in ho m e ra n g e size in tim e show th a t th e fe m a le is less a c tiv e th a n th e m ale, Radda (1968) fo u n d th a t th e fem ales of C, glareolus v isit th e sam e o r n e ig h b o u rin g c a tc h points. M ales on th e o th e r h a n d ch an g e th e ir a c tiv ity a n d th e size of hom e ra n g e d u rin g a y ea r, p ro b a b ly d ep e n d in g o n th e p a r t w hich th e y p la y in re p ro d u c tio n . G re a t a c tiv ity in cre ases b o th th e p o ssib ility a n d fre q u e n c y of c o n ta c t w ith fe m a les, a n d th e d e c re a se in a c tiv ity in a u tu m n is p ro b a b ly d u e to th e te rm in a tio n of th e re p ro d u c tio n season. T he second basic re la tio n fo u n d is th e effect e x e rte d by th e tim e of e n try o f in d iv id u a ls in to th e p o p u la tio n on th e size of th e h o m e ran g e. T h u s it is n o t on ly th e age of in d iv id u a ls, b u t also th e c u r r e n t com position of in d iv id u a ls in th e p o p u la tio n , w hich in flu e n c e s sp a tia l re la tio n s b etw e en in d iv id u a ls. S im ila r re s u lts w e re o b ta in e d b y Rajska (in litt.). Gliwicz (1970) fo u n d th a t th e la te r a c o h o rt e n te re d th e p o p u latio n , th e lo w e r its tra p p a b ility . O n th e basis of s tu d ie s by Crowcroft & Jeffers (1961) a n d Andrzejew ski et al. (1967) th is a u th o r in te rp re ts th e s e d iffe ren c es as b ein g caused b y so cial re la tio n s b e tw e e n in d iv id u a ls. It w o u ld a p p e a r th a t th e o b serv ed d iffe re n c e s in ho m e ra n g e size of th e sam e co h o rts ca n also b e ex p lain e d by th e se p h en o m en a . T he d iffe re n t co u rse ta k e n by v a ria tio n s in hom e a re a size of d iffe re n t co h o rts d u rin g th e season in b o th y e a rs m a y re s u lt fro m th e d iffe re n t d y n am ics of n u m b e rs a n d d iffe re n t d u ra tio n of th e re p ro d u c tio n p e rio d (B u j a 1 s k a in litt.), a n d also c lim atic a n d h a b ita t d iffe ren c es.
T h e size of th e h om e ra n g e p ro b a b ly d ep e n d s no t o n ly on p o p u latio n d e n sity , as sh o w n by d ec rea se in size of th e ra n g e fro m sp rin g to a u tu m n in d e p e n d e n tly of p o p u la tio n d y n am ics. T he d e g re e of o v erla p p in g of h o m e ra n g es, h o w e v er, is th e fu n c tio n of v a ria tio n s dn p o p u la tio n n u m b e rs a n d size of h o m e ra n g e. S im ila r re s u lts w e re o b ta in e d by Kara seva (1956) a n d Rajska (in litt.). T h e c o n sid e ra b le o v e rla p p in g of hom e ra n g e s in sp rin g in re la tio n to n u m b e rs m ay be e x p la in e d b y th e size of th e h o m e ra n g e . It is m a in ly m ales w h ich a re re sp o n sib le fo r th is, as d u rin g th is tim e th e ir hom e ra n g e s a re v e r y ex ten siv e . D ecrease in o v e r lap p in g of h o m e ra n g e s dn a u tu m n (not co in cid in g w ith p o p u la tio n d y n am ics in 1967) is d u e to in d iv id u a ls re d u c in g th e size of th e ir hom e ra n g e s a t th is tim e.
T h e ra n d o m d is trib u tio n of g eo m etrical c e n tre s of h om e ra n g e s fo u n d in th e stu d y w o u ld a p p e a r to co n firm th e assu m p tio n th a t in d iv id u a ls of th e p o p u la tio n o rg a n iz e th em selv es sp a tia lly b y re d u c in g o r in cre asin g th e ir h o m e ranges.
A n a ly sis of lo catio n of hom e ra n g es in th e 6 d ire c tio n s d istin g u ish e d sh o w ed th a t th e y v a ry d e p e n d in g on th e lev el of p o p u la tio n n u m b e rs. T h e d ire c tio n of lo catio n of hom e ra n g e s c o rre sp o n d in g to th e lo n g est a x is of h e isla n d is m ost in te n siv e ly u sed in c o n se cu tiv e cen su ses in b o th y e a rs. L o catio n of hom e ra n g es in th e o th e r d ire c tio n s d istin g u ish e d is m o re ra n d o m w h e n p o p u la tio n n u m b e rs a r e h ig h (J u ly 1966).
A n a ly sis o f s h ift in g eo m etric al c e n tre s of hom e ra n g es show ed th a t th e re is a te n d e n c y to a slig h t b u t c o n sta n t sh ift of ho m e ra n g es o v er th e a re a (S ection 4 a n d 7.3). T h is ag rees w ith th e d a ta giv en b y Miller (1958), Soldatova (1962) , H o w (1963), Kikkawa (1964) . T he g re a te r s h ift in th e c e n tre s of th e hom e ra n g es of m ales th a n fem ales show s th a t fem ales a r e c h a ra c te riz e d by n o t o n ly a fa irly c o n sta n t size of th e hom e ra n g e b u t also by its lo catio n in th e stu d y a re a . M ales e x te n d o r red u ce th e ir hom e ra n g es, sim u lta n e o u sly sh iftin g th e m . W h en th e re are only slig h t v a ria tio n s in th e size of th e ho m e ra n g e th e re is a te n d en cy to re d u c tio n in s h ift in tim e (fem ales of c o h o rt K 1 a n d K 2 in 1966, 1967, m ales of c o h o rts a n d K 2 in 1966), w h ile su d d e n ch an g es in th e size of the ho m e ra n g e (m ales of co h o rts K 1 a n d K 2 in 1967) a re con n ected w ith c o n sid erab le s h ift in th e c e n tre of th e ho m e ra n g e, w hich, Fig. 10 . M ain factors influencing th e hom e ran g e ch a racters investigated.
w ith re d u ctio n in th e h om e ra n g e b e tw e e n S e p te m b e r a n d N o v em b er leads to th e location of th e c e n tra l p a r t of th e ho m e ra n g e in th e p a r t w h ich w as p re v io u sly p e rip h e ra l.
S p a tia l o rg a n iz atio n of th e p o p u la tio n on th e isla n d ca n th u s b e d escrib ed as follow s: in sp rin g th e p o p u latio n consists of in d iv id u a ls w h ich have lived th ro u g h th e w in te r. M ales h a v e larg e a n d elo n g ated hom e ranges, lo cated in se v e ra l of th e m ost co n v e n ie n t d ire c tio n c o rre s p o n d in g to th e lo catio n of th e h o m e ra n g es of fem ales. T h is c reates fa v o u rab le con d itio n s fo r re p ro d u c tio n w hich begins a t t h a t tim e, since it p e rm its of fre q u e n t c o n ta c ts b e tw e e n m ales a n d fem ales.
T he place in th e s p a tia l o rg a n iz a tio n of c o h o rts e n te rin g th e po p u la tio n fro m J u n e to O cto b er d e p e n d s on m an y fa cto rs. It w o u ld seem th a t th e basic fa c to rs a re th e c u r r e n t com p o sitio n of in d iv id u a ls a n d p o p u la tio n n u m b e rs a t th e tim e of th e c o h o rt's e n try , a n d th e n u m b e rs a n d role in re p ro d u c tio n of th e la tte r. T h is is show n by th e re la tio n b e tw e e n th e o rd e r in w h ich th e co h o rts e n te r th e p o p u latio n a n d th e size, sh ap e and lo catio n of ho m e ra n g e s in th e stu d y area.
A fte r th e re p ro d u c tio n season h a s en d ed fe a tu re s su ch as age, sex u al m a tu rity a n d p a rtic ip a tio n in re p ro d u c tio n do n o t sig n ific a n tly in flu en c e th e sp atial org an izatio n . C o n se q u e n tly in a u tu m n d iffe re n tia tio n b etw een co h o rts (age) a n d b e tw e e n m ales a n d fe m a les (sex) d ecreases, a n d th e o v erla p p in g of hom e ra n g e s lessens, as does th e size of hom e ranges, p a rtic u la rly of m ales.
T h e c h a ra c te r of th e in flu e n c e e x e rte d by fa c to rs co n sid ered as basic ones on th e o b serv ed fe a tu re s of th e hom e ra n g e a re sh o w n in Fig. 10 .
S tu d ie s w e re m ad e on a n iso lated p o p u la tio n (island) w h e re th e re w e re no p o ssib ilities of in d iv id u a ls im m ig ra tin g o r em ig ra tin g . It is no t k n o w n w h a t effec t isolation h as on th e sp a tia l o rg a n iz atio n of th e p o p u latio n , a n d th e re fo re f u r th e r stu d ie s a r e re q u ire d on th e sp atial o rg an izatio n of p o p u latio n s in h a b itin g open w ooded land.
(1) Sx x -v ariance of abscissae of ca p tu re sites &x y -covariance of abscissae an d o rd in ates of cap tu re sites Syy -varian ce of ordinates of ca p tu re sites I t is easy to in te rp re t this in form atio n in a su itab ly chosen system of rectan g u la r co-ordinates. We choose this system (for th e given individual) so th a t its b e g inning coincides w ith th e centre of th e hom e ran g e and th e covariance of abscissae and ordinates in this system is equal to zero.
If w e indicate th e co-ordinates of th e new system by u , v, th e n th e follow ing equation w ill take place betw een old and new co-ordinates (old co -o rd in atesco-ordinates connected w ith th e tra p g rid in th e stu d y area) (2) u = ar'cos <p + y'sin qp V = -x'sin <p + y 'c o s qp w here x ' = x -m x , y ' = yand <p is th e angle form ed by th e axis of abscissae of th e new system w ith th e axis of abscissae of th e old system . T hus, if the co-ordinates of the trap p in g site of an in d iv id u al in th e old system w ere (x t, y t), then in th e new system they w ill be (uit v t).
E quations (2) enable us to express th e variances, co-variances an d cen tres in th e new system of co-ordinates thro u g h p ara m ete rs (1) can be calculated by in teg ratin g th e fu n ctio n of density (6) over th e are a dem ar cated by ellipse (U): ( 12) PW = $ J 2/f£eX p(-^/2)jed 6 d G = f exp|~ eS /2j 1~ e 3 £ p|-r2 / 2Î n p articu la r, assum ing r = ^2 from (12) 
M aria MAZURKIEW ICZ K SZTA ŁT I W IELKOŚĆ ORAZ ROZM IESZCZENIE AREAŁÓW OSOBNICZYCH C L E T H R IO N O M Y S G Ł A R E O L U S (SCHREBEE, 1780) ' Streszczenie
Prześledzono zm iany k sz tałtu i w ielkości areałów oraz rozm ieszczenie osobni ków w zależności od s tru k tu ry w iekow ej, płciow ej i dynam iki liczebności popu lacji. A nalizę przeprow adzono przy zastosow aniu zaproponow anego eliptycznego m odelu areału będącego uogólniającą m o d yfikacją przyjętego dotąd m odelu koli stego (Calhoun & Casby, 1958) , M odyfikacja ta, ja k w ykazały niniejsze i póź niejsze badania, lepiej oddaje sposób p o ru szan ia się osobnika po pow ierzchni i po zw ala na analizę kształtu areału i k ieru n k ó w chętniej przez osobnika w y k o rzy sty w anych, je st też zgodna z obserw acjam i w ielu au to ró w w ydłużonego areału drob nych ssaków.
M ateriał analizow any został uzyskany w latach 1966, 1967 z bad ań populacji C. glareolus zam ieszkującej w yspę o pow ierzchni 4 ha n a jeziorze B eldany (północna Polska) (Fig. 1) , k tó ra p o k ry ta była 159 p u n k ta m i połow u gryzoni. M etodykę zbie rania danych oparto na zasadzie łow ienia i znakow ania zw ierząt, w ypuszczania i ponow nego łow ienia (CMR), Co roku od w iosny do jesieni przeprow adzono 5 serii połowów.
P rzed staw io n e w yniki w skazują, że eliptyczny model areału osobniczego jest bliższy rzeczyw istem u rozłożeniu złowień osobnika niż stosow any ogólnie model kolisty. P ozw ala on jednocześnie na pełniejszą ch a rak te ry sty k ę s tru k tu r y p rze strzen n ej pop u lacji poprzez w prow adzenie nowych p aram etró w dla jej b adania: k ształtu are ału i kieru n k ó w ułożenia areałów na pow ierzchni.
